1. Introduction {#sec1}
===============

Yoga is a comprehensive lifestyle practice which involves practices for the body, mind and the intellect through physical postures (*asanas*), voluntary breath regulation (*pranayama*), cleansing practices (*kriya*) and meditation (*dhyana*). Yoga is being practiced in India since thousands of years. Studies have established the therapeutic benefit of Yoga practices irrespective of an individual being obese [@bib1], hypertensive [@bib2], [@bib3], diabetic [@bib4] or even suffering from cancer [@bib5], [@bib6]. Yoga practices are efficacious in not only regulating the autonomic nervous system but also beneficially regulating the gene expressions [@bib7]. With all the available evidence to possibly suggest Yoga as a non-pharmacological intervention for several lifestyle diseases and non-communicable diseases, the basic underlying mechanism of several practices remains unexplored. This study aims to understand the physiological adaptation of pulmonary functions following *Kunjal Kriya* (voluntarily induced vomiting -- ViV), a yogic cleansing technique in experienced and novice practitioners. There is no published scientific literature available documenting safety and psycho-physiological effects of ViV until date, making the present study as a novel effort. Despite the practice being observed as 'involving considerable risk' by the modern medical professionals, the safety of its practice is time tested and no complications have been reported.

*Hatha Yoga Pradipika*, an ancient Yoga scripture describes *Kunjal Kriya* (Voluntarily Induced Vomiting -- ViV) as one of the six cleansing techniques to clean the body and regulate the mind [@bib8]. Following practice of ViV, subjectively, an individual feels emptiness of stomach. Traditional practitioners suggest acute fever, visceral infection, hernia and cardiovascular disorders as contraindications for the practice. *Gherenda Samhita*, an ancient treatise on Yoga claims that this practice when performed everyday can cure ailments of liver and spleen [@bib9].

Vomiting, a survival mechanism conserved during evolution in humans and several organisms is understood to be one of the most complex autonomic reflex orchestrated by several neurological centres in the brain. The stimulus is manifested as an orderly response through excessive salivation, inhibition of normal gastric motility, retro-peristaltic movement, relaxation of lower esophageal sphincter, tachycardia, sweating, breath retention and contraction of abdominal and thoracic muscles. Despite vomiting being one of the most common clinical sign, understanding its neurobiology and relevance in maintaining is incomplete. Current understanding states, vagus as the key moderator of vomiting, manifested in strict co-ordination of nucleus tractus solitarius with area postrema, brainstem vestibular centres, sensory and emotional areas and several other areas of the brain [@bib10].

ViV is a common practice observed in patients suffering from bulimia apart from their laxative abuse, and diuretic abuse driven by distorted body-image perception. Complications of repeated ViV include dental erosion and discolouration of teeth. Due to the acidic contents coming in contact with the oesophagus, pharynx and oropharynx, symptoms of hoarseness, sore throat, dry cough, and difficulty in swallowing are reported [@bib11].

ViV immediately after food has been viewed as a psychiatric illness. Ancient Yogic literature recommends practice of ViV following consumption of saline water in empty stomach to be therapeutically beneficial. Hence, this study was designed with an objective to document the safety of its practice and possibly explore a mechanism of action of ViV from the perspective of Yoga practices.

2. Materials and methods {#sec2}
========================

A flyer was displayed in the classrooms of undergraduate naturopathy and yoga medical students regarding the study. Participants were recruited after obtaining a written informed consent. Eighteen volunteers were recruited into two groups: Novices and Experienced group. All participants were informed about the study and a written informed consent was obtained. All volunteers recruited for the study were reported to be healthy. Emergency medical treatment facility was available to address any unanticipated complications. The experimental and novices group consisted of nine individuals in each group with age of 19.2 ± 0.9 years and 19.6 ± 0.7 years respectively. Volunteers having experience of performing ViV for more than four times were recruited in the experienced group. There were 5 men and 4 women and 7 men and 2 women in the experienced and novices groups respectively.

The practice of ViV involves drinking warm saline water (5%) in the morning on an empty stomach, sitting in squatting position until the individual feels a sense of fullness or nausea. The individual is then recommended to stand and bend forward from the low back and voluntarily trigger vomiting by gently touching the root of the tongue and uvula. It is observed that with practice, triggering the vomit may be required once or not at all whereas, in novices, it is required to trigger three to four times until most of the consumed water is vomited out. The participants rested in supine position and voluntarily relaxed the entire body for 10 min following vomiting. Pulmonary function tests were performed as per standard guidelines [@bib12] immediately before and after the practice of ViV using Schiller Spirovit SP-1 system.

Analysis of co-variance (ANCOVA) was performed to understand the between group changes, adjusted for the baseline values and gender. Body Mass Index (BMI) was not considered as a covariate in our study as all the volunteers in both groups were having a BMI of 20.1 ± 0.4 kg/m^2^. There was no significant difference observed amongst the genders.

3. Results {#sec3}
==========

The slow vital capacity \[F~(1,13)~ = 5.699; p = 0.03\] increased in experienced group as compared to the novices. Within group comparison showed a contrasting change with a significant increase in slow vital capacity (SVC) in experienced group (p = 0.01) as compared to the significant reduction observed in the novices (p = 0.02). Expiratory reserve volume (ERV) \[F~(1,13)~ = 5.029; p = 0.04\] decreased significantly in novices as compared to a non-significant increase in experienced practitioners. Within group comparison indicated a significant reduction in ERV in novices (p = 0.04) while no change was observed in the experienced group. A reduction in respiratory rate (RR) was observed in both experienced (p = 0.01) and novices (p = 0.03), with the extent of reduction being greater in the experienced group \[F~(1,13)~ = 3.244, p = 0.09\]. A significant increase in Forced Inspiratory Volume in first second (FIV1) was observed in experienced group (p = 0.02) ([Table 1](#tbl1){ref-type="table"}).Table 1Table represents the Mean ± SD of the lung volumes measured in experienced and novices before and 10 min after ViV.Table 1VariablesExperienced GroupNovices GroupFSig. (ANCOVA) p valuePartial Eta SquaredPrePostp valuePrePostp valueSVC2.61 ± 0.63.04 ± 0.40.017^a^3.02 ± 0.32.56 ± 0.30.027^a^5.6990.033^x^0.305ERV0.87 ± 0.20.97 ± 0.50.5880.86 ± 0.10.57 ± 0.40.044^a^5.0290.043^x^0.279IRV0.91 ± 0.40.87 ± 0.40.6790.93 ± 0.30.93 ± 0.50.9962.0290.1780.135FVC2.61 ± 0.52.71 ± 0.50.5332.71 ± 0.52.47 ± 0.70.2081.0420.3260.074PEF6.63 ± 1.96.64 ± 1.60.9907.62 ± 1.46.98 ± 1.80.1700.1720.6850.013FIVC2.52 ± 0.52.58 ± 0.50.5792.81 ± 0.32.65 ± 0.30.1160.3900.5430.029FIV12.36 ± 0.42.49 ± 0.50.021^a^2.75 ± 0.42.55 ± 0.30.1311.2680.2800.089PIF4.10 ± 1.44.34 ± 1.20.5614.83 ± 1.24.44 ± 1.40.0751.1630.3000.082RR15.28 ± 4.310.69 ± 2.70.01^b^16.36 ± 5.013.44 ± 2.30.032^a^3.2440.0950.200TV0.82 ± 0.10.99 ± 0.40.1790.72 ± 0.10.87 ± 0.40.2640.0410.8430.003[^1][^2][^3]

4. Discussion {#sec4}
=============

The present study was designed with an objective to understand the role of ViV on pulmonary function. All the volunteers were healthy and did not report any clinical symptom following the intervention the entire day suggesting the safety of the intervention. This work is the first study conducted to understand the physiology of (ViV) as a standalone intervention in healthy human participants.

The results of the present study suggest a significant increase in SVC and FIV1 in the experienced group as compared to the significant reduction in the SVC and ERV in the novice group. The increase in SVC shall be attributed to better functioning of the diaphragm [@bib13]. These changes suggest the possible role of ViV in enhancing the endurance of the respiratory muscles, decreased airway resistance, better emptying of lungs and vagal predominance respectively with practice suggesting adaptation of the pulmonary system. Reduced lung volume in the novices group shall be attributed to the psychological stress involved in practicing ViV for the first time. Both groups reported significant reduction in the respiratory rate. *Post hoc* analysis of our study showed a statistical power of 0.75, with an effect size of 1.32 and critical t = 2.119 indicating a strong evidence.

Vagus, the tenth cranial nerve orchestrates the vomiting reflex. Two distinct vagal afferent mechanoreceptors from the stomach: intra-ganglionic laminar ending (IGLE) and intramuscular array (IMA) respond to distension and smooth muscle contractions and also function as tension receptors [@bib14]. These vagal afferents carry the mechanical information to the nucleus tractus solitarius (NTS) from stomach through jugular and nodose ganglion [@bib15]. The NTS, located inside the blood brain barrier apart from its connections with mechanoreceptor vagal afferents from the stomach, also has intense neurological connections with areas for control of respiration [@bib16], sensory and emotional areas of brain, and the brainstem vestibular centres [@bib17]. NTS is also connected with area postrema that serves as the chemosensor, detecting any chemical change in the blood.

After distention of the stomach, NTS signals dorsal motor nucleus of vagus to initiate vomiting. The neuronal firing of vagal afferents decrease, resulting in relaxation of gastric wall tone and reduction of acid production [@bib18], [@bib19]. NTS signals to increase the diaphragmatic functions through its mono-synaptic connections with the rostral and caudal ventral respiratory group [@bib20]. Simultaneously, NTS signals the respiratory smooth muscles, sub-mucosal glands and pulmonary vasculature [@bib21] through nucleus ambiguous to alleviate airway resistance, facilitate better expiration, mucosal clearance and better oxygen diffusion into the vasculature [@bib22]. Interestingly, integration of the cardiac function also occurs at the nucleus ambiguous [@bib10] -- indicating a probable influence of ViV on the cardiac autonomic functions. As there are no chemicals sensed by the retro-trapezoid nucleus and the area postrema, the evolutionary survival mechanism of chemicals triggering vomiting will be conserved.

Studies on motion sickness suggest diaphragmatic breathing as an effective non-pharmacological intervention [@bib23]. We speculate that the regular practice of ViV may enable the individual to control motion sickness associated symptoms through better diaphragmatic breathing. The results from the novices of the present study also indicate that vomiting might be an evolution conserved response to relieve the organism from an adverse stimuli (emotional, psychological shock or loss of equilibrium while at constant motion) and facilitate relaxation by promoting vagal predominance.

Earlier studies show that administering mild irritants like 2--5% sodium chloride increased the secretion of prostaglandins and other factors like nitric oxide, leptin, ghrelin, cholecystokinin and gastrin releasing peptide and facilitate 'adaptive cytoprotection' to protect gastric mucosa [@bib24], [@bib25]. Treatment with 5% sodium chloride enhanced mucosal blood flow, mucous secretion, mucosal proliferation and decreased acid secretion [@bib26]. Also, the DNA content in the gastric juice reduced indicating decreased mucosal damage and cell shredding [@bib27]. Interestingly, following exposure to sodium chloride, histologically visible mucosal necrosis and plasma protein leakage into the gastric lumen were observed [@bib28]. These distinct findings also point towards *Kunjal Kriya* as a potent ulcer protecting agent. However, studies on representative human participants are required to authenticate these preliminary findings.

Understanding the impact of ViV practice on biochemical changes, teeth, pharynx and oro-pharynx is beyond the scope of the present study and requires to be documented in the future studies. Further detailed studies are required to ascertain the psycho-physiological and biochemical changes following practice and the frequency for safe practice requires to be established.

5. Conclusion {#sec5}
=============

From the above findings, we have conceptualized the probable mechanism of action of ViV and possible future directions for research ([Fig. 1](#fig1){ref-type="fig"}). Based on the findings from this study, we conclude that ViV when practiced regularly is expected to be a technique to enhance the endurance of the respiratory muscles and decrease the airway resistance. These findings also indicate the possibility of using the practice of ViV in the management of motion sickness and restrictive pulmonary disorders like bronchitis and bronchial asthma.Fig. 1Probable mechanism of action of voluntarily induced vomiting (*Kunjala Kriya*).Fig. 1
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[^1]: Levels of significance as understood from within group comparison using paired t test: ^a^ p ≤ 0.05; ^b^ p ≤ 0.01; ^c^ p ≤ 0.001.

[^2]: Levels of significance as understood from between group comparison using Analysis of Covariance adjusted for Gender and baseline differences: ^x^ p ≤ 0.05; ^y^ p ≤ 0.01; ^z^ p ≤ 0.001.

[^3]: SVC -- Slow Vital Capacity; ERV -- Expiratory Reserve Volume; IRV -- Inspiratory Reserve Volume; FVC -- Forced Vital Capacity; PEF -- Peak Expiratory Flow; FIVC -- Forced Inspiratory Vital Capacity; FIV1 -- Forced Inspiratory Volume in 1st Second; PIF -- Peak Inspiratory Flow; RR -- Respiratory Rate; TV -- Tidal Volume.
